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The e x i s t e n c e  of e n e r g e t i c  p h o t o e l e c t r o n s  e scap ing  from 

t h e  p roduc t ion  l e v e l  i n  t h e  ionosphere  and moving a long  t h e  

geomagnetic f i e l d  l i n e s  i n t o  t h e  c o n j u g a t e  ionosphere  is now 

w e l l  r ecognized  and some of t h e i r  e f f e c t s  have a l r e a d y  been 

observed .  Hanson (1963) f i r s t  po in t ed  o u t  t h a t  a ce r t a in  per-  

cen tage  of p h o t o e l e c t r o n s  produced above t h e  300 km l e v e l  would 

escape  t h e  ionosphere  and m i g r a t e  t o  t h e  c o n j u g a t e  ionosphere .  

The e f f e c t s  of t h e s e  non loca l  p h o t o e l e c t r o n s  were observed by 

Cole (1965) as predawn enhancement of 6300 Ao a i rg low and by 

C a r l s o n  (1966) as predawn i n c r e a s e  i n  electron t empera tu re .  

The f l u x  i n d i c a t e d  by these measurements is of t h e  o r d e r  of 

10 / e l / c m  /sec. However, t h e r e  does not  seem t o  be  any d i r e c t  

measurement of t h e  f l u x  of t h e s e  non loca l  p h o t o e l e c t r o n s .  I n  
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t h i s  n o t e  w e  r e p o r t  t h e  p re l imina ry  measurements made of t h i s  

f l u x  wi th  r e t a r d i n g  p o t e n t i a l  a n a l y z e r s  aboard t h e  Explorer  XXXI 

and OGO-IV s a t e l l i t e s .  

On Explorer  XXXI there are  two r e t a r d i n g  p o t e n t i a l  a n a l y z e r s  

o p e r a t i n g  as e l e c t r o n  and i o n  t r a p s  t o  measure t h e  t empera tu re  

and d e n s i t y  of e l e c t r o n s  and i o n s  a t  t h e  l o c a t i o n  of t h e  s a t e l l i t e .  

These s e n s o r s  have a l so  measured t h e  p h o t o e l e c t r o n  f l u x  
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s t r eaming  a long  t h e  geomagnetic f i e l d  l i n e s .  A b r i e f  

d e s c r i p t i o n  of these s e n s o r s  is necessa ry  t o  unders tand  t h e  

t echn ique  of t h e s e  measurements. The e l e c t r o n  t r a p  c o n s i s t s  

of a t a r g e t  e l e c t r o d e  located behind an  a p e r t u r e  g r i d  assembly 

mounted approximately f l u s h  w i t h  t h e  s p a c e c r a f t  s u r f a c e .  A 

s ta i rcase  v o l t a g e  which v a r i e d  from -5 t o  +4 v o l t s  i n  f o u r  

seconds w a s  a p p l i e d  t o  %he a p e r t u r e  assembly. The c o l l e c t o r  is 

b i a s e d  a t  +25 v o P & s  t o  remove ion  c u r r e n t .  The i o n  t r a p  con- 

sists of t h r e e  g r i d s  (G19 G2 and G ) and a col lector  ar ranged  

i n  p l a n a r  p a r a l l e l  geometry. The G1 a p e r t u r e  g r i d  is mounted 

i n  a guard r i n g  f l u s h  wi th  and i n s u l a t e d  from s a t e l l i t e  s u r f a c e .  
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By ground command s e l e c t i o n ,  t h i s  g r i d  is e i ther  grounded or 

receives a n e g a t i v e  b i a s  v o l t a g e  of up t o  about  -7 v o l t s .  The  

G2 r e t a r d i n g  g r i d  receives a sweep v o l t a g e  from 0 t o  +6 .3  v o l t s  

i n  one second.  The G3 s u p p r e s s o r  g r i d  is b i a s e d  a t  -15 v o l t s  

t o  exc lude  ambient t he rma l  e l e c t r o n s  f r o m  t h e  c o l l e c t o r ,  how- 

e v e r  q u a s i - e n e r g e t i c  e l e c t r o n s  a r e  measured. The c o l l e c t o r  is 

b a i s e d  a t  -2 v o l t s .  The s e n s o r  i n  OGO I V  is s imi la r  to t h e  i o n  

t r a p  d e s c r i b e d  above and is o p e r a t e d  i n  an  e l e c t r o n  and i o n  mode 

a l t e r n a t e l y  by s u i t a b l y  changing t h e  v o l t a g e s  on t h e  v a r i o u s  

g r i d s  and collector.  

F igu re  l a  shows a t y p i c a l  computer o u t p u t  p l o t  of electron 

t r a p  c u r r e n t  v e r s u s  r e t a r d i n g  v o l t a g e  t a k e n  d u r i n g  daytime (Pass  

229 of Explorer  XXXI ove r  F o r t  Myers). The de ta i l s  of t h i s  
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measurement and t h e  f o l l o w i n g  measurements a re  g iven  i n  T a b l e  1. 

The s l o p e  of t h e  I -V c u r v e  is a measure of e l e c t r o n  t empera tu re  

and t h e  c u r r e n t  a t  t h e  ' b r e a k ' p o i n t  is related t o  t h e  e l e c t r o n  

d e n s i t y .  I t  may be  n o t i c e d  from t h e  f i g u r e  t h a t  i n  t h e  re- 

t a r d i n g  r e g i o n  t h e  c u r r e n t  exhib i t s  a ' t a i l '  i n s t e a d  of a 

s t e a d i l y  d e c r e a s i n g  c u r r e n t  w i t h  h ighe r  n e g a t i v e  v o l t a g e s  

c o n s i s t e n t  w i t h  r e t a r d a t i o n  of t he rma l  e l e c t r o n s .  From t h e  

ev idence  g iven  b e l  w ,  t h i s  background t a i l  c u r r e n t  r eco rded  a t  

l o c a t i o n s  w i t h  L v a l u e s  less t h a n  abou t  4 is i n t e r p r e t e d  a s  

t h a t  due t o  non- loca l  p h o t o e l e c t r o n s  s t r e a m i n g  a l o n g  t h e  geo- 

magnet ic  f i e l d  l i n e s .  

F i r s t ,  t h e  background c u r r e n t  i n  t h e  n e g a t i v e  v o l t a g e  

r e g i o n  is n o t  due  t o  t h e  c o l l e c t i o n  of i o n s  s i n c e  t h e  co l lec tor  

is b i a s e d  a t  4 5  v o l t s  and a l s o  because  t h e  p o l a r i t y  of t h e  

c u r r e n t  shows t h a t  it is an  e l e c t r o n  c u r r e n t .  Second, i t  is 

not due t o  direct  photoemiss ion  from t h e  g r ids  s i n c e  t h e  s e n s o r  

was directed away from t h e  s u n  d u r i n g  t h i s  measurement. Thus 

t h e  t a i l  c u r r e n t  is due t o  q u a s i - e n e r g e t i c  e l e c t r o n s  whose 

o r i g i n  is e x t e r n a l  t o  t h e  s e n s o r .  

F i g ,  l b  shows t h e  i o n  t r a p  c u r r e n t  c u r v e s  o b t a i n e d  d u r i n g  

t h e  same p e r i o d  as i n  F i g .  l a ,  I t  is found t h a t  t h e  r e v e r s e  

c u r r e n t  ( i n d i c a t e d  by A ,  B, C ,  D) co r re sponds  t o  t h e  background 

c u r r e n t  i n  t h e  e l e c t r o n  t r a p .  T h i s  r e v e r s e  c u r r e n t  is i n t e r p r e t e d  

a s  t h a t  due t o  e n e r g e t i c  p h o t o e l e c t r o n s  having  e n e r g i e s  above 

115 ev s i n c e  t h e y  have t o  p a s s  through t h e  G3 g r i d  a t  -15 v o l t s .  
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On examining t h e  v a r i o u s  c u r v e s  a t  n i g h t  it is found t h a t  

t h e r e  is very  l o w  t a i l  c u r r e n t  whenever s u n l i g h t  is n o t  i n c i d e n t  

on t h e  ionosphere  a t  about  t h e  300 km l e v e l  which is connected 

t o  t h e  s a t e l l i t e  l o c a t i o n  through geomagnetic f i e l d  l i n e s .  The 

sequence of o b s e r v a t i o n s  (Pass  510 ove r  Kano) made a t  t h e  t i m e  

of s u n r i s e  i l l u s t r a t e  t h i s  p o i n t .  A t  t h e  beginning  of t h e  

sequence (0420 UT) t h e  s a t e l l i t e  w a s  a t  2098 km and t h e  ionosphere  

a t  300 km l e v e l  a t  t h e  base  of t h e  geomagnetic f i e l d  l i n e  is i n  

da rkness .  The background c u r r e n t  is a t  t h e  lowest r e c o r d a b l e  

l e v e l  of 1 . 2 - 2 . 3 ~ 1 Q - ~ ~ a m p s  ( F i g ,  2 a ) .  As t h e  s a t e l l i t e  moved 

northward t h e  base  of t h e  i n t e r c e p t e d  f i e l d  l i n e  moved southward 

i n  t h e  c o n j u g a t e  ionosphere  where so la r  r a y s  are i n c i d e n t  and 

consequent ly  t h e r e  is a n  i n c r e a s e  i n  t h e  background c u r r e n t  l e v e l .  
. .  

The c u r r e n t  i n c r e a s e d  from 1.2-2.3xlO-’’amp& t o  6.0-8. QxlO-llamps 

as t h e  solar  z e n i t h  a n g l e  x a t  300 km l e v e l  of t h e  i n t e r c e p t e d  

f i e l d  l i n e s  changed from 102O t o  91’. The other  end of t h e  f i e l d  

l i n e  which  is  i n  t h e  n o r t h e r n  hemisphere is always i n  d a r k n e s s .  

I t  is also found t h a t  t h e  r e v e r s e  c u r r e n t  i n  t h e  i o n  t r a p  i n c r e a s e d  

from 0.7-2.0xlO-’lamps ( F i g .  2b) t o  2-3xlO-l’amp; cor responding  

t o  t h e  i n c r e a s e  i n  t a i l  c u r r e n t  i n  t h e  e l e c t r o n  t r a p .  

 observations f o r  Pass  570 over  South A t l a n t i c  i l l u s t r a t e  

t h e  measurements a t  t h e  t i m e  of s u n r i s e  i n  t h e  same hemisphere.  

The background c u r r e n t  dec reased  f ro6  3.5-6.  OxlO-l’amps t o  

1 . 2 - 2 , 3 ~ 1 0 - ~ ~ a m p s  a s  x a t  300 km v a r i e d  from 97’ t o  104O. 
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Observa t ions  fo r  P a s s  2261 o v e r  Winkf ie ld  i l l u s t r a t e  t h e  

measurements a t  t h e  t i m e  of s u n s e t  i n  @he same hemisphere, 

The background c u r r e n t  d e c r e a s e d  from 4.5-6.  OxlO-l’amps t o  

l.2xPO-”amps as t h e  x changed from 9 5 O  t o  1 0 5 O .  

We have a l so  observed  s imi l a r  background c u r r e n t  v a r i a t i o n  

on t h e  e l e c t r o n  t r a p  measurements made on OGO I V .  (Due t o  large 

n e g a t i v e  v e h i c l e  p o t e n t i a l s  and l imi t ed  sweep v o l t a g e  r a n g e ,  re- 

verse c ’ u r r e n t s  c o u l d  no t  b e  observed  i n  t h e  i o n  c u r r e n t  mode.) 

The measurements made on 27 August 1967 i l l u s t r a t e  t h i s  effect  

a t  s u n r i s e .  I t  may be n o t i c e d  t h a t  t h e  f l u x  s ta r ted  i n c r e a s i n g  

ea r l i e r  1 .e .  a t  larger  v a l u e s  of x=112 i n  t h i s  case. I t  may b e  

p a r t l y  due  t o  h igh  s o l a r  a c t i v i t y  (SlOm7 is 170 u n i t s  compared 

to $0 u n i t s  for January 1966 p a s s e s ) .  S i m i l a r  solar  a c t i v i t y  

e f fec t  w a s  observed  by C a r l s o n  and Weill (1968) i n  t h e  pre-  

dawn enhancement of 6300A0 a i r g l o w  and a l so  i n  e l e c t r o n  t empera tu re  

They observed  a s h i f t  of 12O i n  x o v e r  t h e  s o l a r  cycle.  

0 

On examining t h e  background c u r r e n t  of t h e  e l e c t r o n  t r a p  

of E x p l o r e r  XXXI f o r  d i f f e r e n t  t i m e s  a f t e r  s u n r i s e ,  i t  is 

found t h a t  a maximum l e v e l  of about  20xlO-’’amps is reached by 

t h e  t i m e  ‘x reaches abou t  60°. 

o m n i - d i r e c t i o n a l  f l u x  of about  2 . 5 ~ 1 0  el/cm /sec. T h i s  is ,  i n  

f a c t ,  an a v e r a g e  v a l u e  of f l u x ,  s i n c e  i n  r e a l i t y  t h e  f l u x  v a r i e s  

w i t h  d i r e c t i o n  due t o  p i t c h  a n g l e  dependence. The f l u x  v a l u e  

g i v e n  by t h e  i o n  t r a p  for e l e c t r o n s  of energy greater  t h a n  15 ev 

is 5x10 el/cm /see. But these t w o  v a l u e s  cannot  be  d i r e c t l y  

T h i s  c u r r e n t  co r re sponds  t o  an 
8 2 

7 2 
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compared f o r  s p e c t r a l  d i s t r i b u t i o n  as t h e  geometries of e l e c t r o n  

and ion  t r a p s  are  somewhat d i f f e r e n t .  However, some in fo rma t ion  

on t h e  s p e c t r a l  d i s t r i b u t i o n  of t h e  pho toe lec t ron  f l u x  may be 

ob ta ined  from t h e  measurements made by t h e  q u a s i - e n e r g e t i c  

e l e c t r o n  r e t a r d i n g  p o t e n t i a l  s e n s o r  aboard Explorer  X X X I .  I t  

c o n s i s t s  of a grounded a p e r t u r e  g r i d ,  a r e t a r d i n g  g r i d  r e c e i v i n g  

v o l t a g e s  of from - 0 . 5  t o  -2OOV i n  16 s t e p s ,  a screen g r i d  and 

t a r g e t .  These measurements t aken  a t  t h e  cor responding  t i m e s  

of pas ses  l i s t e d  i n  Table  I i n d i c a t e  similar r e s u l t s  f o r  s u n r i s e  

and s u n s e t  effects.  The measured c u r r e n t s  a t  comparable v o l t a g e s  

are  s l i g h t l y  d i f f e r e n t  from t h e  o t h e r  two s e n s o r s  due t o  d i f f e r e n t  

spac ing  between g r i d s  and e f fec t ive  col lect ion area. T h i s  s e n s o r ,  

w i t h  approximately 60° s o l i d  a n g l e  opening,  has a l so  recorded  

v a r i a t i o n  of f l u x  by a f a c t o r  of 2 a s  t h e  a n g l e  between s e n s o r  

normal  and magnetic f i e l d  v a r i e d  due t o  t h e  s a t e l l i t e  s p i n .  

T h i s  v a r i a t i o n  may b e  t h e  r e s u l t  of some p i t c h  a n g l e  dependence 

of p h o t o e l e c t r o n s .  From these f l u x e s  measured a t  d i f f e r e n t  

t h r e s h o l d  e n e r g i e s  s p e c t r a l  d i s t r i b u t i o n  is ob ta ined  f o r  Pass 

229 over  F t .  Myers  (F igu re  3 )  which shows a broad maximum around 

5-10 ev e l e c t r o n s .  The f l u x  of 25 ev e l e c t r o n s  is about  of 

5-10 ev e l e c t r o n s .  A t  n i g h t  t h e  c u r r e n t s  observed w i t h  t h i s  

s e n s o r  (2xlO-’’amps) are almost t h e  same as those observed w i t h  

e l e c t r o n  probe ( 1 . 2 - 2 . 3 ~ 1 O - ~ ~ a m p s )  and i t  e x h i b i t s  very  l i t t l e  

s p e c t r a l  d i s t r i b u t i o n  i n d i c a t i n g  t h e  absence of p h o t o e l e c t r o n s .  
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Recent ly  Nisbet (1968) has made a detai led theoret ical  

i n v e s t i g a t i o n  on t h e  p h o t o e l e c t r o n  e scape  from t h e  ionosphere .  

According t o  h i s  c a l c u l a t i o n s  t h e  t o t a l  upward p h o t o e l e c t r o n  

f l u x  l e a v i n g  t h e  ionosphere  is about 3x10 e l / c m  /sec fo r  so la r  8 2 

minimum for e l e c t r o n s  having  e n e r g i e s  g r e a t e r  t h a n  5 e v .  These 

estimates are  close t o  t h e  p r e s e n t  o b s e r v a t i o n s  of 2 . 5 ~ 1 0  el/cm /sec 8 2 

a t  h e i g h t s  of about  PO00 k m .  The s p e c t r a l  d i s t r i b u t i o n  t heo re t i ca l ly  

ca l cuPa ted  by Nisbet i n d i c a t e s  a peak around lOev w h i l e  t h e  

p r e s e n t  Observa t ions  show a broad peak around 5-10 e v .  

A s  these s a t e l l i t e s  cover a wide r ange  of a l t i t u d e s  

and l a t i t u d e s  a t  d i f f e r e n t  t i m e s ,  more in fo rma t ion  on t h e  f l u x  

under  d i f f e r e n t  c o n d i t i o n s  is expected from t h e  data which is 

now be ing  s t u d i e d .  These f u r t h e r  r e s u l t s  w i l l  be reported 

l a t e r .  
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Figure l a .  E lec tron  t r a p  I - V  curve obtained during daytime 
showing background t a i l  current  i n  t h e  n e g a t i v e  
v o l t a g e  r e g i o n .  
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Figure lb. Ion trap I-V curve obtained'during daytime corresponding 
to Fig. la showing reverse (electron) current (indicated 
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Figure 2a. Electron t r a p  I - V  curve obtained during n ight  showing 
minimum background current  i n  t h e  n e g a t i v e  v o l t a g e  
r e g i o n .  
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Figure 2b .  Ion trap I - V  curve obtained during n i g h t  corresponding 
t o  F i g .  2a showing very l o w  r e v e r s e  ( e l e c t r o n )  c u r r e n t .  
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Figure 3 Spectra l  d i s t r i b u t i o n  of photoe lectron f l u x .  


